Background: Several hemostatic abnormalities have been described in hypothyroidism, such as modification of coagulation proteins and bleeding tendency. Although thyroid hormone deficiency is considered to be responsible for these changes, the underlying mechanisms have not yet been established. Objective: To evaluate the respective influence of peripheral thyroid hormones (free thyroxine) and TSH on blood clotting by assessing coagulation parameters in patients with a history of total thyroidectomy for thyroid cancer, under three different conditions: induced hypothyroidism, euthyroid state, and following recombinant human TSH (rhTSH) administration. Methods: Coagulation parameters (platelet count, fibrinogen, international normalized ratio, prothrombin time, thrombin time, activated partial thromboplastin time (APTT), factor VIII activity ((FVIII:C), as well as von Willebrand factor antigen (VWF:Ag) and VWF activity using collagen binding assay (VWF:CBA)) were measured in patients with severe hypothyroidism following withdrawal of thyroid hormone replacement therapy, and in the same patients with euthyroidism after restoring replacement treatment (group A), and before and after administering rhTSH (group B). Results: FVIII:C, VWF:Ag, and VWF:CBA were significantly decreased (P!0.001), whereas APTT was significantly increased (P!0.001) in patients with severe hypothyroidism compared with patients in the euthyroid state. No changes in clotting parameters were observed in patients who received rhTSH therapy.
Introduction
Hypothyroidism has been associated with various abnormalities of the coagulation system (1-7). These modifications involve both primary and secondary hemostasis, and may range from minor subclinical alterations to significant clinical disturbances. Acquired von Willebrand disease is the most relevant coagulation abnormality in hypothyroidism (8) (9) (10) (11) . Published data, although limited, suggest that the coagulation and fibrinolytic systems are disturbed in different ways, depending on the severity of hypothyroidism (12) (13) (14) (15) (16) (17) . Thus, the risk of thrombosis may be increased in patients with subclinical or moderate hypothyroidism, whereas there may be an increased bleeding tendency in patients presenting severe hypothyroidism. Following thyroid hormone replacement therapy (18, 19) , these abnormalities tend to regress.
The mechanisms accounting for coagulation abnormalities in hypothyroidism are not well established. Most abnormalities have been attributed to decreased synthesis or activity of clotting factors, including von Willebrand factor (VWF) and factor VIII (FVIII:C), or to decreased response to adrenergic stimulation (enhanced VWF release from endothelial cells) due to thyroid hormone deficiency (1, 6, 7) . Other authors have suggested that autoimmunity may be involved (20, 21) .
The aim of this study was to evaluate in a homogenous population (after total thyroidectomy) the respective influence of thyroid hormone deficiency (after withdrawal of replacement therapy) and high TSH level (following recombinant human TSH (rhTSH) administration), on the hemostasis parameters, in order to determine whether increased serum TSH levels despite normal free thyroid hormone concentrations could influence the coagulation system.
Patients and methods

Patients
Between January and September 2009, a total of 52 consecutive patients having undergone total thyroidectomy for differentiated thyroid cancer were prospectively included in our study and followed up at the outpatient clinic of the Saint Luc University Hospital's Endocrinology Department, in Brussels. Patients were examined for any recurrent or residual disease in severe hypothyroidism after withdrawal of thyroid hormone replacement therapy in group A (nZ22, 18 women and 4 men; mean age: 40G13 years) and after i.m. injection of recombinant rhTSH (Thyrogen 0.9 mg: TSHa for injection) in group B (nZ30, 22 women and 8 men; mean age: 49G13 years). All patients had received radioactive iodine treatment after total thyroidectomy. None of the patients had a history of blood coagulation disorders or had received anticoagulants. The study was approved by the Université catholique de Louvain's ethics committee for human studies, and informed consent was obtained from each patient prior to study entry.
Laboratory analyses
In group A, blood samples were first collected in severe hypothyroidism 4-6 weeks after withdrawal of thyroid hormone replacement therapy, and then in euthyroidism 6-8 weeks after restarting treatment. In group B, rhTSH (0.9 mg) was administered intramuscularly for two consecutive days in order to raise TSH concentrations to severe hypothyroidism levels. Blood samples were obtained before rhTSH administration and 3 days after the first rhTSH injection, which corresponded to the TSH peak.
Fully automated chemiluminescent immunoassays performed using the Dxl system (Beckman Coulter, Inc., Brea, CA, USA) were used to measure free thyroxine (FT 4 ; normal range 0.6-1.3 ng/dl) and TSH (normal range !3 mU/ml). The following coagulation parameters were measured: platelet count using the Sysmex XE2100 (Mundelein, IL, USA) (normal range 150-350 10 6 /ml); fibrinogen using the thrombin reagent from Siemens (Marburg, Germany; normal range 150-450 mg/dl); prothrombin time using Innovin from Siemens (normal range 9-14 s), converted into the international normalized ratio (INR; normal range 0.8-1.3); thrombin time using thromboclotin from Siemens (normal range 15-24 s); activated partial thromboplastin time (APTT) using Actin FS from Siemens (normal range 20-33 s); chronometric determination of FVIII levels (normal range 50-150%) using Actin FS, Standard Human Plasma, and FVIII:C-deficient plasma from Siemens; VWF activity in the plasma using the collagen binding assay (VWF:CBA, normal range 50-150%), and VWF antigen using the VWF-Ag reagent from Siemens (normal range 50-150%). All hematological and biochemical tests, including thyroid function, were performed in the University Hospital using routine assays. The blood group was also determined.
Statistical methods
Statistical analyses were performed using the Statistical Package for Social Sciences (SPSS statistical software version 15.0; SPSS, Inc., Chicago, IL, USA). Withingroup comparisons were carried out using Student's paired two-tailed t-test for normally distributed variables, while the Wilcoxon signed-rank test was performed for non-normally distributed parameters. Between-group differences were evaluated using the one-way ANOVA test or the non-parametric MannWhitney U test when appropriate. Differences in proportions were evaluated using the c 2 test. Results were expressed as meanGS.D. P values !0.05 were considered statistically significant.
Results
Patients' main characteristics are summarized in Table 1 . No significant difference was found between both groups, with the exception of age and TSH, which were significantly higher in group B than in group A (P!0.05). Severe hypothyroidism induced several hemostatic disturbances, as illustrated in Table 2 . VWF:CBA, VWF:Ag, and F VIII:C levels were significantly decreased (P!0.001), while APTT was significantly increased (P!0.001) in severe hypothyroidism, compared with euthyroidism. None of the patients with severe hypothyroidism developed acquired von Willebrand disease. There was no significant difference with respect to the platelet count, prothrombin time, thrombin time, and INR between severe hypothyroidism and euthyroidism. However, in group B, hemostatic parameters administration did not significantly differ 3 days after rhTSH from the euthyroid state (Table 3) . As expected, patients with blood group O had significantly lower levels of VWF:Ag, VWF:CBA, and FVIII:C than patients with non-O blood groups (P!0.05; data not shown).
Discussion
In this prospective study, we evaluated in patients sharing the same etiology, the respective influence of thyroid hormone deficiency and of an increased TSH levels with normal free thyroid hormone concentrations on coagulation parameters. Our data demonstrate that thyroid hormone deficiency is likely to be the main cause of coagulation disorders in hypothyroidism. High TSH levels with normal free thyroid hormones have no influence on hemostatic parameters. This is also supported by the reversibility of abnormalities following thyroid hormone replacement therapy. Our study confirms the recent Debeij's work on the effect of changes in T 4 and TSH levels on the coagulation system. Their results show that changes in coagulation factors related to thyroid function are mainly mediated by T 4 and not by TSH (increasing levels of FVIII, FIX, VWF and fibrinogen with rising levels of T 4 ) (22) . The mechanisms underlying coagulation abnormalities during hypothyroidism remain unknown (3) but may be accounted for by decreased synthesis of clotting factors in hypothyroidism (1-3, 6, 7). Low levels of VWF in hypothyroidism could be due to either decreased protein synthesis or decreased response to adrenergic stimulation (enhanced VWF release from endothelial cells) (5-10). Liu Longbin et al. (23) have demonstrated that the interaction between thyroid hormones and b-adrenergic receptors could induce VWF release. In addition, all clotting factors, except VWF, are synthesized by the liver (1). As hepatocytes contain nuclear thyroid hormone receptors, the interaction between thyroid hormones and their receptors could play a major role in the synthesis of blood clotting factors (24) . This suggests that variations in thyroid hormone levels (hyperthyroidism or hypothyroidism) could be associated with increased or decreased concentrations of coagulation factors. Moreover, clinically overt hypothyroidism is associated with an increased risk of bleeding, whereas overt hyperthyroidism is more likely to cause thrombosis (1-2). In our study, patients with severe hypothyroidism had significantly decreased levels of VWF:Ag, VWF:CBA, and FVIII:C, associated with prolonged APTT (reflecting reduced FVIII:C). These modifications were reversible after thyroid hormone replacement therapy. However, no case of acquired von Willebrand disease occurred, probably due to the short duration of hypothyroidism. It is not unlikely that in prolonged severe hypothyroidism (e.g. in auto-immune hypothyroidism), the change in coagulation parameters could be more pronounced. Our findings demonstrate that thyroid hormone deficiency may be associated with significant alterations of hemostasis due to a decrease in VWF:Ag, VWF:CBA, and FVIII:C. Hypothyroidism (overt or subclinical) could also be associated with increased cardiovascular risk, although the mechanisms are not clearly defined (25) (26) (27) . This association could be explained through the endothelial dysfunction described in hypothyroidism, which plays a major role in the development of atherosclerosis in addition to classical cardiovascular risk factors. This suggests that thyroid hormone deficiency may be linked to atherosclerosis (increased cardiovascular risk). This assumption is supported by the role that thyroid hormones play in improving endothelium-dependent vasodilatation by restoring nitric oxide (NO) availability (27, 28) , but direct effects of TSH on vascular endothelium have not been investigated. Napoli et al. (29) have evaluated whether TSH had any effects on vascular hemostasis in patients who received rhTSH. Their results provided evidence that rhTSH acutely enhanced vascular reactivity through mechanism involving endothelium-mediated vasodilatation and independent of changes in thyroid hormones. They suggest that the effect of TSH on endothelial function is probably mediated by its interaction with the TSH receptors present on endothelial cells. Other studies have demonstrated that rhTSH administration induced endothelial function impairment (30, 31) . VWF activity could be considered as a marker of endothelium dysfunction in patients with cardiovascular disease (32, 33) . As VWF is synthesized and stored in endothelial cells, its release may be disturbed by endothelial dysfunction or activation (32) (33) (34) . In our study, no significant modifications of FVIII:C, VWF:Ag, VWF:CBA, and other hemostatic parameters were observed in patients receiving rhTSH, with TSH levels typical of severe hypothyroidism. This suggests that increased TSH concentrations after rhTSH administration did not influence VWF levels or other hemostatic parameters.
In previous studies, subjects with blood group O have been reported to exhibit 20-30% lower levels of VWF antigen and activity, compared with subjects with non-O blood groups (34) (35) (36) (37) . In line with these data, we found an influence of ABO blood groups on plasma VWF and FVIII levels.
In conclusion, our study shows that thyroid hormones have a direct influence on hemostatic parameters. Patients with severe hypothyroidism may have a risk of mild-to-moderate bleeding tendency. The administration of recombinant rhTSH seems to have no significant influence on hemostatic parameters.
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